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(54) Magnetic marker 

(57) A magnetic marker of the invention comprises 
a magnetic thin wire for generating pulses and soft mag- 
netic materials having a smaller coercive force than ttie 
magnetic ttiin wire, the bodies are arranged close to the 
two ends of the thin wire. The magnetic thin wire has a 



diameter of 60-115 \im and has a ratio of Bj/B^ of BH 
loop of 0.8 or more. Thus, a small magnetic marker can 
be provided which shows large Barkhausen effect even 
if it has a very short magnetic tiiin wire. 
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Description 

The present Invention relates to a magnetic marker attached to a good for detecting the existence tfnereol 
It Is known to attach markers to goods to detect a number and kind of goods or to prevent theft. Such markers are 
5 attached to a good so that the marker cannot be noticed readily, and they are detected with magnetic properties or 
microwaves. 

There are various kinds of such markers. For example, if an amorphous thin ribbon or thin wire as a marker is 
subjected In an AC magnetic field. disturt>ance in magnetic field in a scan area or harmonic components of an output 
pulse tiiereof can be detected, tf another example of a marker comprising a coil and a capacitor made of aluminum is 

10 subjected to radiation of electric waves. LC resonance can be detected. Among the markers, there is a magnetic marker 
having targe Barkhausen characteristic, and sharp pulses generated on magnetizaticxn reversal can be detected under 
an AC magnetic field. It has advantages tiiat it has a high sensitivity, a light weight and causes less enroneous detections. 

Large Barkhausen reversal is a phenomenon caused by movement of magnetic domains in a material, and it occurs 
when a limit magnetic field H* needed to generate inverse magnetic domains is larger tiian a minimum magnetic field 

IS Ho needed to move magnetic domains. Inverse magnetic domains are formed when an effective magnetic field H^ff 
which is equal to an external magnetic field subtracted by a demagnetizing field Hd generated at the magnetic tiiin 
wire by tiie external magnetic field Hex exceeds the limit magnetic field H*. and at the same time they moves instantiy 
to generate a sharp magnetization reversal. It Is a characteristic that an output induced voKage accompanied by the 
magnetization inversion is constant irrespective of the extemal magnetic field and a speed of change in magnetic field 

20 and that It has a sharp pulse waveform having high harmonic components. 

Among such magnetic markers, a marker disclosed in Japanese Patent lard open Publication 4-195384/1992 has 
a structure that soft magnetic materials having a low coerdve force are arranged at two ends of a magnetic tiiin wire for 
generating pulses. The magnetic thin wire shows large Barkhausen effect and the two soft magnetic materials have a 
coercive force smaller than that of the magnetic tiiin wira The demagnetizing fiekl of ttie magnetic thin wire for 

25 generating pulses is reduced by the soft magnetic materials arranged close to the magnetic bar. Then, the niagnetic 
marker can be made compact. 

Because the magnetic tiiin wire of ttie magnetic mariner has a diameter of 120 ^irn. If tiie length of ttie magnetic thin 
wire is as short as 50 mm or less, good large Barkhausen effect cannot be generated, and a practically large output 
voltage cannot be obtained. However, it is desirable fbr a magnetic marker to shorten the lengtii tiiereof nfx>re to make 

30 it more conrpact. 

An object of the invention is to provide a small magnetic marker showing large Baridiausen reversal and a very short 
length tiiereof. 

A magnetic marker according to the invention for generating a large Barkhausen effect comprises a magnetic tiiin 
wire for generating pulse signals, and two magnetic plates having a coercive force smaller than that of ttie magnetic tiiin 
35 wire. The magnetic tiiin wire has a diameter of 60-11 5 (im and has a rectangular ratio Bj/B^ of BH loop of 0.8 or more. 
The magnetic marker generates large Baridiausen effect in a magnetic field to generate pulses induced in a coil fbr 
detection. 

A feature of the invention is tiiat the magnetic marker comprises a combination of ttie magnetic thin wire for gener- 
ating pulse signals and the magnetic materials for reducing a demagnetizing field. The magnetic materials have a coer- 

40 cive force smaller tiian tiiat of the magnetic thin wire and are arranged closely at the two ends of the magnetic thin wire, 
so that they reduces the demagnetizing field of tiie magnetic thin wire. Therefore, even if the magnetic thin wire is short 
and large Barkhausen reversal Is not observed because of large demagnetizing field when only the magnetic thin wire 
were used as a marker, tiie magnetic marker including the same magnetic tiiin wire can induce pulses in a coil so as to 
generate excellent induced voltage by large Barkhausen effect. 

45 The magnetic tiiin wire for generating pulses has a diameter in a range of 60 to 1 15 nm and has 0.8 or more of a 
rectangular ratio B/Bg of BH loop or magnetization curve, where B^ denotes a remanent magnetic flux under zero external 
magnetic field and Bg denotes a satjration magnetic flux when magnetization saturates. If the rectangular ratio Bj/B^ of 
the magnetic tiiin wire is 0.8 or more, high pulse electiic voltages suitable for a marker can be generated. If the diameter 
(cross section) of the magnetic thin wire becomes smaller, the demagnetizing f ieki of tiie magnetic thin wire can be 

so reduced, and ttie length of the magnetic ttiin wire can be shortened in accordance to the reduction of ttie aoss section 
of the magnetic thin wire. The invention makes It possible to provide a compact magnetic marker without deteriorating 
excellent induced voltage by large Barkhausen effect (pulse voltage values and harmonic components). 

Even if tiie rectangular ratio BjJB^ of ttie magnetic tiiin wire is 0.8 or more, ttie demagnetizing field becomes large 
when ttie diameter tiiereof is larger ttian 1 1 5 iim, or tiie total magnetic flux becomes small when the diameter is smaller 

55 than 60 )im. Then, excellent Induced voltage by large Bari<hausen effect cannot be generated. Even if the rectangular 
ratio B^Bs of tiie magnetic thin wire is smaller tiian 0.8, large Barkhausen reversal does not occur when the diameter 
thereof is large, or the total magnetic flux becomes small when the diameter is small though large Barkhausen reversal 
occurs. Then, excellent induced voltage by large Barkhausen effect for a magnetic marker cannot be generated. The 
length of the magnetic thin wire is preferably 10-100 mm, more preferably 15-50 mm. 
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The two magnetic materials of the invention is needed to have a coercive force smaller than that of the magnetic 
thin wire, and it is preferable to use a magnetic sheet (magnetic thin plate) having a coercive force smaller than that of 
the magnetic thin wire. The coercive force of the magnetic thin wire means a value measured for a sample having a 
length of 100 times the diameter thereof or longer, and the coercive force of the magnetic materials means a value 

5 measured for a sample having a length larger than 100 times the thickness thereof or longer. 

The magnetic sheet of the invention refers to a sheet having a thickness of 0.01 • 1 00 ^m and an area of 1 - 1 0.000 
mm^. tf the magnetic sheet has a length of 100 times the thickness thereof or longer, a various shape such as circle, 
ellipse or polygon may be adopted for the magnetic sheets as far as the coercive force thereof is smaller than that of 
the magnetic thin wire. A rectangular magnetic sheet Is most preferable as to the reduction of the demagnetizing field 

10 of the nfiagnetic bar. 

As to the relative position of the magnetic thin wire and the magnetic sheets, the demagnetizing field of the magnetic 
thin wire is reduced largest if the ends of the magnetic thin wire are located at the center of the magnetic sheets. 

An advantage of the invention is to provide a very small magnetic marker having a high output voltage and large 
harmonic components due to large Barkhausen effect. 
75 These and other objects and features of the present invention will become clear from the following description taken 
in conjunction with the pretended eirtxxliments thereof with reference to the accompanying drawings, and In which: 

Fig. 1 is a schematic perspective, partially exposed view of a magnetic marker of first to sixth examples of tiie 

invention; 

20 F\Q. 2 is a graph of a gain of 30th harmonic wave of examples and a comparison example plotted against tiie length 
of the magnetic thin wire; 

Rg. 3 Is a graph of an induced voltage of the examples and the comparison example plotted against tiie length of 
the magnetic thin wire; 

Fig. 4 Is a graph of a gain of 30th harmonic wave plotted against tiie position of the end of the magnetic thin wire 
25 for generating pulses; 

Fig. 5 is a graph of electromagnetic induction voltage plotted against the position of the end of the magnetic thin 
wire for generating pulses; 

Fig. 6 is a schematic plan view of a magnetic marker of a seventh example of the invention; and 
Rg. 7 Is a schematic plan view of a magnetic marker of an eightti example of the invention. 

30 

Referring now to tiie drawings, wherein like reference characters designate like or corresponding parts throughout 
the several views, embodiments of tiie present Invention will be explained with reference to appended drawings according 
to examples. 

In general, in order to produce a compact magnetic thin wire, it is needed to shorten the lengtii of a magnetk; ttiin 

35 wire for generating pulses. However, if a ratio (aspect ratio) of a lengtii to a diameter of the magnetic thin wire is reduced, 
the demagnetizing field of tiie magnetic thin wire Inaeases, and excellent induced voltage by large Barkhausen effect 
cannot be generated by using a coil for detection. Further, an output electric voltage induced in the coil deperxis on the 
total magnetic flux changed, if the length and tiie diameter of tiie magnetic tiiin wire are decreased under tiie same 
aspect ratio, a signal-to-noise ratio of tiie magnetic marker decreases, and a good magnetic marker cannot be provided. 

40 The magnetic thin wire of ttie invention for generating pulses is needed to have 60-1 15 of diameter and 0.8 or 
more of a rectangular ratio of BH loop. In order to produce a magnetic marker of high performance, it is required 
to reduce the size of tiie magnetic thin wire to decrease tiie demagnetizing field while Increasing the total magnetic fhjx 
subjected to the magnetic reversal. 

An amorphous magnetic thin wire having magnetostriction of an absolute value of 1 *1 0's or more is preferable for 

45 the magnetic tiiin wire with a small diameter and 0.8 or more of a rectangular ratio Bj/B^, It is fabricated by cold wire 
drawing process according to a conventional drawing process of a metallic thin wire and a thermal ti^eatinent after tiie 
drawing. The drawing of the magnetic thin wire can be performed in a reduction ratio of cross section of 5-15 % witii a 
dice, and the drawing up to a desired diameter can be attained by using a plurality of dices. The thermal treatment for 
the magnetic tiiin wire having a diameter in the above-mentioned range can be performed under tensile strength of 10- 

50 250 kgAnm2 at a temperature of 300-500 *'C for a period in a range of 0.1 to 1000 seconds, to result in a magnetic tiiin 
wire having desired magnetic characteristics. The following explanation relates to examples using rectangular magnetic 
sheets (magnetic tiiin plates) in magnetic markers having tiie magnetic thin wire having large Barkhausen effect and 
the magnetic sheets (magnetic thin plates) anranged dose to tiie magnetic bar. However, the invention can also be 
applied to combinations of the magnetic thin wire with various shapes of the magnetic sheets. 

55 First, magnetic markers of first to sixth examples of the invention are explained. Fig. 1 shows the magnetic marker 
of tiie examples schematically The magnetic marker comprises a magnetic tiiin wire 1 1 as an element for generating 
pulses and two rectangular magnetic sheets 12 and 13 arranged close to two ends of the magnetic tiiin wire 1 1. and 
they are interposed between base materials 14 and 15 for fixing them. The material and tfie thickness of the base 
materials 14 and 15 are variable according to applications of tiie magnetic marker. Usually, the base materials 1 4, 15 
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are polyethylene telephthalate (PET) film adhesion sheets having a thickness of about 30 ^m. The base material 15 has 
an adhesion layer (not shown) at the bottom for attaching the magnetic marker to a good to be detected. On the other 
hand, an adhesion layer (not shown) at the top of the base material 1 5 at the top for fixing the magnetic thin wire 1 1 and 
the magnetic sheets 12 and 13 thereto and adhering the other base material 14 to them. In the an-angement of the 

5 magnetic thin wire 1 1 and the magnetic sheets 12 and 13, the two ends of the magnetic thin wire 1 1 are preferably 
located at positions (centers) having equal distances from each side of the magnetic sheets 1 2 and 1 3. as shown in Rg. 
1 . For example, the magnetic sheets 12 and 13 have a square shape with a side of 10 mm. and its thickness is 20 iim. 

First to sixth examples with a shape shown in Fig. 1 having various diameters and rectangular ratio B/Bg are pro- 
duced, and first to fifth comparison examples are produced similarly as compiled in Table 1. 

10 Fig. 2 shews a relation of the length of the amorphous magnetic thin wire 1 1 to harmonic components of output 
pulses in the magnetic marker shown in Fig. 1 . In the magnetic marker of the third exanrple, the magnetic thin wire is a 
Co-Fe amorphous magnetic thin wire having a diameter of 99 |im. a rectangular ratio of 0.93 and a coercive force 
of 0.25 Oe. while in the magnetic marker of the sixth example, the magnetic thin wire is a Co-Fe amorphous magnetic 
thin wire having a diameter of 74 \im, a rectangular ratio B/Bg of 0.95 and a coercive force of 0.35 Oe. On the other 

IS hand, in the magnetic marker of the first comparison example, the magnetic thin wire is a Co-Fe amorphous magnetic 
thin wire having a diameter of 125 ^m, a rectangular ratio B|/Bs of 0.5 and a coercive force of 0.12 Oe. The data of the 
third and sixth examples are displayed with solid circles and solid squares, while the data of the first comparison example 
are displayed with circles. The coercive fbrce is measured on a thin wire of length of 15 cm in an excitation magnetic 
field of 1 Oe and frequency of 50 Hz. In the two examples and the comparison example, the magnetic sheets 12 and 

20 1 3 are Co-based amorphous ribbon with a square shape of a side of 1 0 mm and thickness of 20 )im. Tlie coercive fbrce 
of the magnetic sheets measured in an excitation magnetic field of 1 Oe at a frequency of 50 Hz is 0.03 Oe. The rec- 
tangular ratio Bf/B^ is measured on an amorphous magnetic thin wire suffidently long so as not to be affected by the 
demagnetizing fieki. 

The magnetic marker is magnetized in an alternating magnetic field of amplitude of 1 Oe at a frequency of 50 Hz, 
25 and an induction voltage is detected with a coil of a length of 35 mm and a winding number of 590 turns. The induced 
voltage in the coil is analyzed and evaluated with a dynamic signal analyzer of Hewlett Packard type 3562A. It can be 
deckied by measuring a gain of 30th harmonic component of excitation frequency if a marker generates excellent induced 
voltage by large Barkhausen effect. It is desirable for a magnetic marker using large Barkhausen effect to have a gain 
- of -53 dB or more of the 30th harmonk; component fbr a reference signal of 1 V. The measurement data on the sixth 
30 example (soIkI squares) show that magnetic markers with the magnetic tiiin wire as short as 1 5 mm has good harmonic 
gain. On the other hand, in the comparison example, good harmonic gain cannot be obtained if the length of the magnetic 
tNn wire is not 50 mm or longer. 

Fig. 3 shows a characteristic of output voltage (ep) induced in tiie coil plotted against tiie lengtii of the magnetic thin 
wire of tiie magnetic markers used in the measurement shown in Fig. 2. The data of the third and sixth examples are 
35 displayed as solid drdes and sdki squares, while tiie data of the first comparison example are displayed as cirdes. In 
the magnetic markers of the sixth example (solid squares), large Barkhausen effect of output voltage of 100 mV or more 
can be generated even if the length of tiie magnetic thin wire 11 is as short as 1 5 mm. On the other hand, in the comparison 
example, good output voltage cannot be generated if the length of tiie tiiin wire is not 50 mm or more. 

Table 1 summarizes output vdtage and 30tii harmonic component of magnetic markers having tiie length of the 
40 magnetic markers of 25 mm and with magnetic tiiin wire of various diameters and rectangular ratio BJB^. 

In Table 1 , tiie coercive fbrce of each magnetic tiiin wire is 0. 1 -0.3 Oe when measured on a tiiin wire of lengtii of 
10 cm in an excitation magnetic field of 1 Oe at a frequency of 50 Hz. 
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Table 1 



5 



IS 





diameter Oim) 


B,/B3 


induced voltage (mV) 


30th harmonic components (dB) 


Example No. 1 


109 


0.82 


113 


•50.1 


2 


104 


0.87 


121 


-50.8 


3 


99 


0.93 


140 


-51.0 


4 


92 


0.91 


132 


■51.4 


5 


88 


0.88 


134 


■52.1 


6 


74 


0.95 


120 


-52.5 


Comparison Example No. 1 


125 


0.50 


13 


-74.3 


2 


120 


0.95 


30 


-60.5 


3 


50 


0.95 


60 


•570 


4 


125 


0.63 


10 


-90.0 


5 


70 


0.75 


20 


•70.0 



As Is clear from Table 1 . Induced voltage by large Barkhausen effect having a sufficiently large output voltage and 

25 30th harmonic component can be generated for the magnetic thin wire 1 1 having a diameter of 74- 110 \im and has a 
ratio of B/B^ of 0.8 or more. On the other hand, as shown as comparison examples in Table 1, if the diameter is 125 
\im and the rectangular ratio B/B^ is 0.5. large Barkhausen reversal does not occur, and the output voltage and the 30th 
harmonic component are small. Even for magnetic thin wires with the rectangular ratio B^Bs is 0.9 or more, if the diameter 
Is 120 ^m, the demagnetizing field becomes large, or if the diameter is 50 fjim, the total magnetic flux to be reversed is 

30 small. Therefore, excellent induced voltage by large Barkhausen effect cannot be produced in the two cases. If magnetic 
thin wires with the rectangular ratio Bj/B^ is less than 0.8, targe Barkhausen reversal does not occur, and the good output 
voltage and the 30th harmonic component as a magnetic marker cannot be generated. 

The advantages of the magnetic marker of the invention are not deteriorated even if the size (area) of the two 
magnetic thin plates 12 and 13 arranged close to the magnetic thin wire is large. However, If the area of the magnetic 

35 thin plates 12. 13 becomes large, the magnetic marker cannot be produced compactly. 

Next, relative location of the ends of the magnetic thin wire 1 1 to the magnetic sheets 12 and 13 to be arranged 
close thereto is explained. The magnetic thin wire 1 1 of the third exanple having a length of 25 mm is used, while 
magnetic sheets 12 and 13 have a thickness of 20 ^m and a side of square of 10 mm. Figs. 4 and 5 show the 30th 
harmonic gain and the output voltage of the magnetic marker at various positions of the ends of the magnetic thin wire 

40 on the magnetic sheets 12 and 13. The abscissa represents the position of the end of the magnetic thin wire along 
longitudinal direction (sdid drdes or black circles) and along width direction (circles or white circles) as a distance from 
each side. The positions where e)KeIlent induced voltage by large Barkhausen effect is generated are described below. 
Along tiie longitudinal direction of the magnetic marker, it is desirable that tiie end tiiereof exists around the center of 
the magnetic sheet 1 2. 1 3 within ±25% from the center as to a ratio relative to the lengtii of the sheet along the longitudinal 

45 direction, and within ±25% from tiie center as to a ratio relative to the length of the sheet along the width direction. 

In order to decrease the demagnetizing field of the magnetic thin wire for generating pulses, tiie magnetic marker 
of tiie invention may use various shapes of the magnetic sheets other then a square as the magnetic plates arranged 
close to the ends of the magnetic thin wire. Even if tiie shape of the magnetic sheets 1 2 and 13 is other than a rectangle, 
it is desirable that tine end of tiie magnetic thin wire exists within ±25% from the center of the magnetic sheet along the 

so longitudinal direction and along the width direction. 

Next, a seventh example is explained. As shown in Fig. 6, circular magnetic sheets are used as the magnetic plates. 
The magnetic marker comprises a magnetic tiiin wire 1 1 1 as an element for generating pulses and two circular magnetic 
sheets 1 12 and 1 13 arranged dose to two ends of the magnetic thin wire 1 1 1. and they are interposed between base 
materials (not shown) for fixing tiiem. similariy in tiie first embodiment shown In Fig. 1 . Preferably, tiie two ends of the 

55 magnetic tiiin wire 1 1 1 are positioned at the centers of tiie circular magnetic sheets 112 and 1 1 3. In conaete. the length 
of tiie magnetic thin wire 1 1 1 is 25 mm. and the diameter thereof is 99 ftm. The rectangular ratio B/B^ is 0.93. and tiie 
coercive force is 0.25 Oe. On the ottier hand, the circular magnetic sheets 1 12 and 1 13 have a tiiickness of 20 ^m, a 
diameter of 1 0 mm and a coerdve force of 0.03 Oe. 
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The output voltage and 30th harmonic component of the magnetic marker is measured similarly to the first emlxxl- 
iment. The output voltage is 125 mV, and the 30th harmonic component is -52 dB. Thus, excellent induced voltage by 
large Barkhausen effect can be obtained. 

Next, an eighth example is explained. As shown in Fig. 7. triangular magnetic sheets having three equal sides are 
5 used as the magnetic plates. The magnetic marker comprises a magnetic thin wire 21 1 as an element tor generating 
pulses and two triangular magnetic sheets 212 and 21 3 arranged close to two ends of the magnetic thin wire 21 1 , and 
they are interposed between base materials (not shown) for fixing them, similarly in the first emk)odiment. Preferably, 
the two ends of the magnetic thin wire 21 1 are positioned at the centers of the triangular magnetic sheets 21 2 and 21 3. 
In concrete, the length of the magnetic thin wire 21 1 is 25 mm. and the diameter thereof is 99 ^m. The rectangular ratio 
10 Sj/B^ is 0.93. and the coercive force is 0.25 Oe. On the other hand, the triangular magnetic sheets 212 and 213 have a 
thickness of 20 p.m. a side of the rectangle of 10 mm and a coercive force of 0.03 Oe. 

The output voltage and 30th harmonic conrponent of the magnetic marker is measured similarly to the first embod- 
iment. The output voltage is 1 1 4 mV, and the 30th harmonic component is -52.4 dB. Thus, excellent induced voltage by 
large Barkhausen effect can be obtained. 
15 Although the present invention has been fully described in connection with the preferred embodiments thereof with 
reference to the accompanying drawings. It is to be noted that various changes and modifications are apparent to those 
skilled in the art. Such changes and modifications are to be understood as Included within the scope of the present 
invention as defined by the appended claims unless they depart therefrom. 

20 Claims 

1 . A magnetic marker showing large Barkhausen effect, the magnetic marker comprising: 

a magnetic thin wire generating pulse signals; and 

two magnetic materials having a coercive force smaller than that of the magnetic thin wire, two ends of said 
25 magnetic thin wire being arranged close to said two magnetic materials; 

wherein said magnetic thin wire has a diameter of 60- 1 1 5 ^m and has 0.8 or more of a rectangular ratio B^s 
of BH loop. 

2. The magnetic marker according to Claim 1 . wherein said magnetic thin wire is made of an amorphous magnetic 
30 material. 

3. The magnetic marker according to Claim 1 or 2. further comprising first and second base layersf ixing sak:! magnetic 
thin wire and said two magnetic materials between said first and second base layers. 

35 4. The magnetic marker according to Claim 3, wherein said base layers are made of polyethylene telephthalate film. 

. 5. The magnetic marker according to any one of Claims 1 to 4. wherein said magnetic materials are made of a magnetk; 
sheet having a thickness of 0.01 - 100 ^m and an area of 1 -10.000 mm^. 

40 6. The magnetic marker according to any one of Claims 1 to 5. wherein said magnetic materials are made of a square 
magnetic sheet. 

7. The magnetic marker according to any one of Clainris 1 to 5, wherein said magnetic materials are made of a circular 
magnetic sheet. 

45 

8. The magnetic marker according to any one of Claims 1 to 5. wherein said magnetic materials are made of a triangular 
magnetic sheet. 

9. The magnetic marker according to any one of Claims 1 to 8, wherein two ends of said magnetic thin wire are posi- 
50 tioned at a position within 25% from a center of each magnetic material along a longitudinal direction of said marker. 

10. The magnetic marker according to any one of Claims 1 to 9, wherein two ends of said magnetic thin wire are posi- 
tioned at a position within 25% from a center of each magnetic material along a width direction of said marker. 

55 11. The magnetic marker according to Claim 1 0 wherein two ends of said magnetic thin wire are positioned at a center 
of each magnetic material . 
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Fig.2 
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Fig.4 
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